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(57) ABSTRACT

A rotation angle detector detects a rotation angle of a mag-
netic field by selectively using a hall element from a plurality
of hall elements disposed on one side of a semiconductor
substrate. The hall elements are equiangularly disposed to
cach other 1n a ring shape. The rotation angle of the magnetic
field 1s detected by using a portion of an output signal of the
hall element having a substantially linear output characteris-
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ROTATION ANGLE DETECTOR

CROSS REFERENCE TO RELATED
APPLICATION

This application 1s based on and claims the benefit of
priority of Japanese Patent Application No. 2004-231341
filed on Aug. 6, 2004, and Japanese Patent Application No.

2005-151589 filed on May 24, 2005, the disclosure of which
1s 1ncorporated herein by reference.

FIELD OF THE INVENTION

The present invention generally relates to a rotation angle
detector for detecting a rotation angle of an object of interest.

BACKGROUND OF THE

INVENTION

In recent years, a rotation angle detector 1s developed and
disclosed. For example, a rotation angle detector for detecting
a rotation angle based on a detected angle of rotation of a
magnetic field 1s disclosed in transactions of ‘Transducers 93°
The 7th International Contference on Solid-State Sensors and

Actuators, p.p.892 to 895, and 1n Japanese Patent Document
JP-A-H4-302406.

FIGS. 13A and 13B show illustrations of a rotation angle
detector 90 disclosed 1n the above Japanese Patent Document.
FIG. 13 A 15 a top view of the rotation angle detector 90, and

FIG. 13B 1s a cross-sectional view of the detector 90 along a
XIIIB-XIIIB line in FIG. 13A.

The rotation angle detector 90 shown in FIGS. 13A and
13B has a semiconductor substrate 1 having a trench 17 dis-
posed thereon with two hall elements (Hall elements) on
slopes of the trench it for detecting the magnetic field. More
practically, the rotation angle detector 90 1s made from a
p-type silicon substrate 1 with {100} crystal face orientation
having a wet-etched essentially square trench 1¢# which has
depth of approximately 100 um. Each of the two opposite
slopes in the trench 17 having {111} crystal face orientation
has a hall plate, that 1s, a low concentration n-type impurity
diffusion portion 2a/2b. In other words, the two hall elements
in the rotation angle detector 90 have hall plate portions
disposed 1n parallel with the slopes of the trench 1¢. There-
fore, carriers 1n the hall plates flow 1n parallel with the slopes
of the hall elements.

The rotation angle detector 90 has a high concentration
n-type impurity diffusion portion 4 as wiring for the hall
clements 2a, 2b. Reference numeral 3p in FIG. 13B indicates
a polysilicon film used as a gate electrode when the low
concentration impurity diffusion portions 2a and 26 in the
hall elements serve as transistors. The polysilicon film 3p 1s
omitted 1n FIG. 13 A for clarity of representation. Wiring for
gate electrodes Ga and Gb are shown 1n FIG. 13A.

The rotation angle detector 90 having the hall elements 24
and 25 disposed on the opposite slopes picks up magnetic
field components Ba and Bb respectively normal to surfaces
ol the slopes 1n the trench 17 by using the hall elements 2a and
26 when a magnetic field Bo contained in the XIIIB-XIIIB
cross section plane 1s applied to the detector 90. As a result,
induced bias currents la (ai-e1) and 1b (a1-bee) respectively
proportional to the magnetic field components Ba and Bb in
the hall elements 2a and 24 are detected as hall voltages Va
and Vb. The hall voltages Va and Vb having different phases
are processed 1n a calculation operation such as an arctangent
operation or the like for detecting rotation of the magnetic

field Bo 1n the XIIIB-XIIIB cross section plane.
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The rotation angle detector 90 as shown 1 FIGS. 13 A and
13B can detect rotation of the magnetic field Bo 1n a range of
360 degrees. However, the difference of the phases between
the hall voltages Va and Vb makes it necessary to use a
complicated calculation operation such as the arctangent
operation or the like. Therefore, an operation circuit for pro-
cessing those operations increases both cost and size of the
circuit used 1n the rotation angle detector 90. The size of the
operation circuit becomes larger when the circuit has to detect
an accurate angle of rotation for a high speed rotation of the
magnetic field. The increase 1n size of the operation circuit
leads to an 1ncreased cost of production.

SUMMARY OF THE INVENTION

In view of the above-described and other problems, it 1s an
object of the present ivention to provide a rotation angle
detector having a hall element for detecting rotation of the
magnetic field 1 a high resolution with an advantage in both
the si1ze and the production cost.

The rotation angle detector of the present invention 1s for
detecting rotation of a magnetic field. The detector includes a
plurality of hall elements for outputting signals having dii-
ferent phases upon detecting rotation of the magnetic field.
The detector switches the hall elements to use a portion of an
output signal of the hall element having substantially linear
output characteristic for detecting rotation of the magnetic

field.

The rotation angle detector uses the portion of the output
signal having the linear output characteristic for accuracy of
detected rotation angle. Therefore, calculation operation such
as an arctangent operation or the like 1s not necessary for
calculation of the rotation angle. Thus, the rotation angle
detector can be small 1n size, and can be produced 1n a cost
elfective manner for an achieved accuracy.

The rotation angle detector of the present invention detects
the magnetic field rotating 1n a plane perpendicular to a semi-
conductor substrate of the detector. The hall element of the
detector may be a vertical type or a slant type.

Carrier 1n the hall plate portion formed perpendicularly on
the semiconductor substrate flows perpendicular to a surface
of the semiconductor substrate in the vertical hall element,
and the carrier 1n the hall portion formed 1n parallel with a
slope of a trench on the surface of the substrate tlows parallel
to the slope 1n the slant type hall element. The hall element
outputs an output voltage (hall voltage) retlecting a change 1n
magnetic field component in the plane perpendicular to the
substrate. Theretfore, the vertical hall element or the slant type
hall element can use the portion of the output signal having
the linear output characteristic for detecting rotation of the
magnetic field by sequentially switching a plurality of the hall
clements disposed on the semiconductor substrate.

The hall elements of the present invention are arranged
circularly around a rotation center of the magnetic field 1n a
ring shape having a same angle to an adjacent element. In this
manner, the hall elements can detect rotation of the magnetic
field 1n a range of 360 degrees.

The hall elements may be arranged 1n a first circle around
the rotation center having a same angle to each other with a
second circle of elements with a different radius of the circle
around the rotation center. In this manner, the output signal of
the hall element in the first circle may be compared with the
output signal of the hall element 1n the second circle to cal-
culate an absolute angle of rotation. For example, the output
signal of the hall element 1n the second circle may be used as
an angle of zero degree to detect rotation 1n a range of 360



US 7,391,207 B2

3

degrees. In this manner, the rotation angle detector may detect
rotation of the magnetic field while the detector 1s turned off.

Number of the hall elements in the ring shape 1s preferably
equal to or greater than three and, 1s preferably equal to or
smaller than twelve.

The hall element of the rotation angle detector 1s switched
in every 120 degrees (£60 degrees) when three hall elements
are used in the detector. In this manner, the output character-
istic of each of the hall elements 1s substantially linear. The
amount of the rotation angle 1n charge of each of the hall
clements becomes smaller when the detector uses greater
number of hall elements for improved accuracy. However,
switching between the hall elements may be too frequent
when the number of the element exceeds a certain threshold.
The detector having twelve elements may have suflicient
accuracy based on a linearity of the output signal by allocat-
ing 30 degrees (£15 degrees) to each of the hall element.

The rotation angle detector uses a silicon substrate having
{100} crystal face orientation for the semiconductor sub-
strate. Four hall elements on the silicon substrate are disposed
in line with a <010> direction and 1n a <001> direction rela-
tive to the rotation center. The hall elements may be disposed
in line with a <011> direction and 1n a <0-11> direction
relative to the rotation center.

The output voltage (1.e., the hall voltage) of the hall ele-
ment 1s proportional to mobility of the carrier. The mobility of
the carrier 1s different according to each crystal face orienta-
tion. The mobility of the carrier 1n each of the above-de-
scribed cases, that 1s, each pair of crystal face orientations
yields same mobility in each of the cases for all of the four hall
clements used therein. Therefore, the output signal 1n each of
the cases has the same output characteristic for accurately
detecting the rotation angle.

The rotation angle detector has a plurality of through holes
in the semiconductor substrate 1n an area outside of the circle
of the hall element described above 1n positions of rotational
symmetry. The through holes symmetrically arranged 1n a
peripheral area of the substrate contribute to separation of the
hall elements from other portion of the substrate. In this
mannetr, stress to the hall elements can be decreased. Further,
an offset voltage caused by the stress from a package of a
semiconductor or the like can be decreased.

The rotation angle detector may have a signal process
circuit for switching the signals from the plurality of the hall
clements in an area 1nside the ring shape of the hall elements.
In this manner, wiring length between the signal process
circuit and the hall elements may be decreased, and the size of
the package of the rotation angle detector may be made
smaller.

The signal process circuit may be located outside of the
ring shape of the hall elements. A parallel magnetic field 1n a
narrow area ol space may be detected with accuracy in this
manner because of a decreased etlect from displacement of
positions.

The hall elements may be disposed 1n a room not occupied
by the signal process circuit. In this manner, the size of the
detector chip may be decreased.

The signal process circuit may be made by using, for
example, a switch circuit, a multiplexer circuit or a demulti-
plexer circuit.

The signal process circuit may include an adjustment cir-
cuit for the ofiset voltage and/or the output voltage of the hall
clement.

The oflset voltage and/or the output voltage may be
adjusted by controlling resistance of a resistor connected to
the hall element. The resistance of the resistor may be con-
trolled by, for example, trimming a thin film resistor, fusing,
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the resistor or short-circuiting a resistor circuit by using a
zenar-zapping. The adjustment of resistance may be made 1n
a waler stage, or may be made as an assembled product.

The offset voltage and/or the output voltage may be
adjusted by using a result of operation process based on
memorized data for the offset voltage and/or the output volt-
age of the hall element. The memorized data may be retained
in, for example, an EPROM, an EEPROM, a flash memory, an
SRAM or a DRAM.

The signal process circuit may include a spinning current
circuit or a chopper circuit for the plurality of the hall ele-
ments. In this manner, the offset voltages of the correspond-
ing hall elements 1n the ring shape may be cancelled.

The hall elements 1n the rotation angle detector may be a
combination of at least two of a horizontal type, the vertical
type and the slant type of the hall elements for detecting the
rotation angle of the magnetic field rotating 1n the plane
perpendicular to the surface of the semiconductor substrate.

The hall elements of the above-described types, or combi-
nation of the hall elements may be used to output the output
signal having a substantially linear output characteristic by
selectively using the hall elements with the substantially lin-
car output characteristic when the hall elements are disposed
on a surface of the semiconductor substrate to detect the
magnetic field perpendicularly rotating relative to the surface
of the substrate. Thus, the rotation angle detector having a
high resolution with an advantage of packaging size may be
produced 1n a cost effective manner.

BRIEF DESCRIPTION OF THE DRAWINGS

Other objects, features and advantages of the present
invention will become more apparent from the following
detailed description made with reference to the accompany-
ing drawings, in which:

FIG. 1A 1s an illustration of operation principle of a hall
element;

FIG. 1B 1s another illustration of operation principle of the
hall element;

FIG. 2A 1s a top view of a horizontal type hall element;

FIG. 2B 1s a cross-sectional view ol the horizontal type hall
clement along a IIB-1IB line 1n FIG. 2A;

FIG. 3A 1s a top view of a vertical hall element;

FIG. 3B 1s a cross-sectional view of the vertical hall ele-
ment along a I1IB-I1IB line 1n FIG. 3A;

FIG. 4A 15 a top view of a rotation angle detector 1n a first
embodiment of the present invention;

FIG. 4B 1s a diagram of relationship between a rotation
angle of a magnetic field and an output voltage in each of the
hall elements 1n the rotation angle detector;

FIG. 5A 15 a top view of another rotation angle detector 1n
the first embodiment;

FIG. 5B 1s a top view ol yet another rotation angle detector
in the first embodiment;

FIG. 6 15 a top view of still another rotation angle detector
in the first embodiment:

FIG. 7 1s a top view of still differently embodied rotation
angle detector 1n the first embodiment;

FIG. 8 15 a top view of still differently embodied rotation
angle detector 1n the first embodiment;

FIG. 9 1s a top view of still differently embodied rotation
angle detector 1n the first embodiment;

FIG. 10 1s a top view of still differently embodied rotation
angle detector 1n the first embodiment;

FIG. 11A 1s a perspective view ol a cross-section of a
portion of a rotation angle detector 1n a second embodiment;
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FIG. 11B 1s a perspective view of a cross section of a
portion of another rotation angle detector in the second
embodiment;

FIG. 11C 1s a perspective view ol a cross section of a
portion of yet another rotation angle detector 1n the second
embodiment;

FI1G. 12 15 a perspective view of a cross section of a portion
of still another rotation angle detector 1n the second embodi-
ment;

FIG. 13A 1s a top view of a conventional rotation angle
detector; and

FIG. 13B 1s a cross-sectional view of the conventional

rotation angle detector along a XIIIB-XIIIB line in FIG. 13A.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Preferred embodiments of the present invention are
described with reference to the drawings.

First, hall elements are described in terms of its principle of
operation with reference to the drawings.

FIGS. 1A and 1B show a principle of operation of a general
hall element. Hall effect of a semiconductor 1s seen as a
voltage (hall voltage) perpendicular to both of a magnetic
field and a flow of carrier when a conductor (i.e., a hall
clement 20) 1s placed perpendicularly to the magnetic field.

A relationship between the thickness d of the hall element
20, a current I between the terminals Ti, a magnetic flux
density B applied perpendicularly to the hall element 20 and
an output voltage (hall voltage) Vu between output terminals
Tvi1s shown by an equation 1. In the equation 1, Ru represents
a hall coellicient according to a material used for the hall
clement 20. L and W 1n FIG. 1A respectively represent length
and width of the hall element.

iB
VH — RHE

|Equation 1]

The output voltage VH 1s represented as a product of the
equation 1 and a cosine 0 as shown 1n an equation 2 when an
angle 0 (hall angle) between a normal line of a surface of the
hall element 20 and the magnetic field of the magnetic flux
density B changes 1n a rotation of the magnetic field as shown
in FIG. 1B. Therefore, the output voltage of the hall element
20 1s represented as a sine wave when the element 20 and the
magnetic field from N pole to S pole rotate relative to each
other. The output voltage i the sine wave can be used to
detect a rotation angle of the magnetic field having the mag-
netic flux density B.

Equation 2
Vy :RHECDSQ [Equation 2]

The hall element formed on a semiconductor substrate can
be categorized into three types based on a direction of carrier
flow. FIGS. 13 A and 13B show a slant type hall element that
has a hall plate formed in parallel with a slope of a trench on
the surface of the semiconductor substrate for enabling the
direction of the carrier flow to be parallel with the slope.

FIGS. 2A and 2B show a horizontal hall element 21 1n a
commonly used form. More practically, FIG. 2A shows a top
view of the horizontal hall element 21, and FIG. 2B shows a
cross-sectional view of the horizontal hall element 21 taken

along a IIB-1IB line in FIG. 2A.
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Horizontal hall elements have a hall plate portion formed 1n
parallel with the surface of the semiconductor substrate, and
cnable the carrier flow to be parallel with the surface of the
substrate. The horizontal hall element 21 shown in FIGS. 2A
and 2B has a low concentration n-type impurity diffusion
portion (n-) formed 1n parallel with the surface of the semi-
conductor substrate 1 as a hall plate portion 2y. Carrier flows
in parallel with the surface of the semiconductor substrate 1
between the terminals T1 as indicated a dotted arrow 1n FIG.
2B. The output voltage (hall voltage) Vh induced by the
magnetic field perpendicularly crossing the hall plate portion
2v 1s detected as difference of voltage between the terminals
1v.

FIGS. 3A and 3B show a vertical hall element 22. More
practically, FIG. 3A shows a top view of the vertical hall
element 22, and FIG. 3B shows a cross-sectional view of the

vertical hall element 22 taken along a IIIB-11IB line 1n FIG.
3A.

Vertical hall elements have a hall plate portion formed
perpendicularly to the surface of the semiconductor substrate,
and enable the carrier flow to be perpendicular to the surface
ol the semiconductor substrate. FIGS. 3A and 3B show a
vertical hall element 22 having a junction-separation portion.
That 1s, the low concentration n-type diffusion portion (n-) 2
1s separated by high concentration p-type portions 456 to form
a hall plate portion 2¢ perpendicularly to the surface of the
semiconductor substrate 1. The carrier tflows perpendicularly
to the surface of the substrate 1 respectively between the
terminals T,, and T, and between the terminals T,, and T,
through a high concentration n-type embedded portion 4« as
indicated by the dotted arrow 1n FIG. 3B. In this case, the hall
plate portion 2¢ at a center 1n FIGS. 3A and 3B serves as an
clement. The output voltage Vu (hall voltage) 1s detected as
the voltage between the terminals Tv.

The vertical hall element may be formed variably in many
shapes besides the shape shown 1n FIGS. 3A and 3B. For
example, the high concentration n-type embedded portion 4u
may be omitted for enabling the carrier flow from T, to reach
the terminals T,; and T, through a path around an end of the
p-type high concentration portion 4b. The junction-separa-
tion portion by using the high concentration p-type portion 456
may be replaced with a trench-separation portion. The verti-
cal hall element 22 shown 1n FIGS. 3A and 3B having two
carrier tlows from T, towards right and lett terminals T, and
1., may be a single carrier flow to either of the terminals.

The rotation angle detector of the present invention 1s
described 1n the following explanation.

FIRST EMBODIMENT

FIG. 4A shows a top view of a rotation angle detector 100
in a first embodiment of the present invention. FIG. 4B shows
a diagram of relationship between the rotation angle of a
magnetic field and the output voltage from each of hall ele-
ments 10 1n the detector 100.

The rotation angle detector 100 detects the rotation angle
of the magnetic field represented by a thick arrow 1n FIG. 4A.
The magnetic field (magnetic flux density B), or the thick
arrow, rotates in a plane that 1s perpendicular to a surface of
the semiconductor substrate 1. As shown 1n FIG. 4A, the
semiconductor substrate 1 has the eight hall elements 10
equiangularly disposed 1n a ring shape around a rotation axis
C of the magnetic field on one side of the substrate 1. More
practically, the vertical hall element shown 1n FIGS. 3A and
3B or the slant type hall element shown 1n FIGS. 13 A and 13B
are used as the hall element 10. Number of hall plate portions
may be at least one on either of the two slope of the trench
when the hall element 1s the slant type.

T'he rotation angle detector 100 1n FIG. 4A switches the
eight hall elements 10 when 1t detects the rotation angle of the
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magnetic field. The output voltage (hall voltage) of the hall
clement 10 changes according to magnetic field components
in a plane in parallel with the semiconductor substrate 1.
More practically, the output voltage of the hall element 10 has
an output characteristic 1n a sine wave shape as shown in FIG.
4B. Therefore, only a straight portion of the output charac-
teristic in the sine wave shape 1s used to detect the rotation
angle of the magnetic field. That 1s, the sine wave shape of the
output characteristic 1s trimmed by predetermined maximum
and mimimum output voltages to be used as a substantially
linear function. The hall elements 10 arranged in an equian-
gular ring shape are sequentially switched for detecting the
rotation angle of the magnetic field by using the linear portion
of the output characteristic of the elements 10. Each of the
eight hall elements 10 in the present embodiment covers 45
degrees of rotation, and sequentially switching use of 45
degree coverage enables a whole 360 degree detection cov-
crage by the rotation angle detector 100.

The rotation angle detector 100 1n FIG. 4A detects the
rotation angle by using the linear portion of the output char-
acteristic of each hall element 10 for minimizing a detection
error. Therefore, accuracy of the detector 100 1s improved.
The sequential switching use of the eight hall elements makes
it possible to calculate the rotation angle without employing
an operation process such as the arctangent operation or the
like that requires a larger size of circuitry for complicated
calculation. In this manner, the rotation angle detector 100 1s
both small 1n size and cost efiective.

The rotation angle detector 100 preferably uses at least
three hall elements 10 arranged 1n the ring shape. Further, the
number of the hall elements are preferably equal to or less
than twelve. The number of the hall elements 10 are deter-
mined based on a trade-off between the linearity of the output
characteristic 1n the allocated coverage angle of each hall
clement 10 and complication of the switching operation. For
example three hall elements 10 can be used to cover 360
degrees when each hall element 10 covers 120 degrees (£60
degrees), and twelve hall elements 10 are used to cover 360
degrees with 30 degrees (15 degrees) coverage of each ele-
ment 10. In this manner, the rotation angle of the magnetic
field can accurately be detected by the rotation angle detector
100 1n the present embodiment.

FIGS. 5A and 3B show top views of different embodiments
ol rotation angle detectors 101 and 102.

The rotation angle detectors 101 and 102 use the vertical
hall elements 10 or the slant type hall elements 10. In these
cases, four hall elements 10 are arranged on one side of a
silicon substrate 1s having {100} crystal face orientation.
That 1s, the rotation angle detector 101 has four hall elements
10 disposed 1n a <010> direction and a <001> direction rela-
tive to the rotation axis, the rotation angle detector 102 has
four elements 10 disposed 1n a <011> direction and <0-11>
direction relative to the rotation axis.

The output voltage of the hall elements 10 are proportional
to mobility of the carrier. The mobility of the carrier 1s dii-
ferent according to the crystal face onientation of the semi-
conductor substrate 1. The four hall elements 10 1n the rota-
tion angle detectors 101 and 102 have the same carrier
mobility for all of the four elements 10. Therefore, the output
characteristic of the four elements 10 can be used 1n the same
manner to accurately detect the rotation angle.

FIG. 6 shows a top view of yet another rotation angle
detector 103. The rotation angle detector 103 has a signal
process circuit 30 represented by a dashed line to control the
switching use of eight hall elements 10 of either o the vertical
type or the slant type. The signal process circuit 30 uses, for
example, a switch circuit, a multiplexer circuit or a demulti-
plexer circuit for signal switching process of the elements 10.

The signal process circuit 30 may include a circuit for
adjustment of an oflset voltage and/or output voltage of the
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hall element 10. The offset voltage and/or the output voltage
may be adjusted by controlling resistance of a resistor con-
nected to the hall element 10. The resistance of the resistor
may be controlled by trimming a thin film resistor, fusing the
resistor or short-circuiting a resistor circuit by using a zenar-
zapping. The adjustment of resistance may be made 1n a wafer
stage, or may be made as an assembled product.

The offset voltage and/or the output voltage may be
adjusted by using a result of operation process based on
memorized data for the offset voltage and/or the output volt-
age of the hall element 10. The memorized data may be

retained 1n, for example, an EPROM, an EEPROM, a flash
memory, an SRAM or a DRAM.

Further, the signal process circuit 30 may 1nclude a spin-
ning current circuit or a chopper circuit for the plurality of the
hall elements 10. In this manner, the offset voltages of the
corresponding hall elements 1n the ring shape may be can-

celled.

The rotation angle detector 103 has the signal process
circuit 30 1n the ring shape of the hall elements 10. In this
manner, wiring length between the signal process circuit 30
and eight hall elements 10 1s decreased, and the size of the
package of the detector 103 1s made smaller.

The rotation angle detectors 100 to 103 shown 1n FIGS. 4A
to 6 can be used to detect a bi-directional magnetic field
rotation (combination of clockwise and counterclockwise
magnetic field rotations) 1n any range ol angles besides
detecting a continuous rotation in a predetermined direction.

FIG. 7 shows a top view of still another rotation angle
detector 104. The rotation angle detector 104 has a signal
process circuit 31 for switching process in an area outside of
the ring shape of the eight hall elements 10. The hall elements
10 may be the vertical type or the slant type. In this manner,
the rotation angle detector 104 can accurately detect a mag-
netic field having a narrow parallel magnetic flux because
displacement of positions in rotation angle measurement
alfects less to this structure.

FIG. 8 shows a top view of still yet another rotation angle
detector 105. The rotation angle detector 103 has four through
holes h symmetrically bored in an area outside of the ring
shape of the hall elements 10 on the semiconductor substrate
1. The hall elements 10 are separated from other area of the
substrate 1 by the through holes h. The through holes h serve
as a buller for stress or the like from other area of the substrate
1. In this manner, the offset voltage of the hall element 10
caused by stress from a package of the semiconductor or the
like 1s decreased. The number of the through holes h may be
arbitrarily determined as long as the through holes are dis-
posed symmetrically around a rotation center C.

FIG. 9 shows a top view of still yet another rotation angle
detector 106. The rotation angle detector 106 has hall ele-
ments 11 and 12 in addition to the hall elements 10 arranged
in the ring shape as shown in FIG. 7. The rotation angle of the
magnetic field can be absolutely detected by comparing a
signal from the hall element 10 and a signal from the hall
clement 11 or 12. For example, the signal from the hall
clement 11 may be used as a reference position (0 degree) and
a signal from the hall element 12 may be used as another
reference position (180 degree) to detect the absolute rotation
angle of the magnetic field. This scheme may also enable
rotation angle detection between system operations. The
number of the hall elements 11 and 12 separately disposed
from the hall elements 10 may be arbitrarily determined.

FIG. 10 shows a top view of still yet another rotation angle
detector 107. The rotation angle detector 107 has a plurality of
hall elements 13 distributively disposed in vacant areas of the
signal process circuit 32. In this manner, space efficiency of
the semiconductor chip 1s improved, and the size of the semi-
conductor chip can be decreased.
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SECOND EMBODIMENT

The rotation angle detector 1n a second embodiment
detects the rotation angle of the magnetic field rotating 1n a
plane that 1s perpendicular to the surface of the semiconductor
substrate 1.

FIGS. 11A to 11C and 12 show perspective views of por-
tions of cross sections of rotation angle detectors 200 to 203.

The rotation angle detectors 200 to 203 are used for detect-
ing the rotation angle of the magnetic field (magnetic flux
density B) rotating in a plane that 1s perpendicular to the
surface of the semiconductor substrate 1. The rotation angle
detector 200 shown 1n FIG. 11A includes both of the hor-
zontal type hall elements 21 1n FIGS. 2A and 2B and the
vertical hall elements 22 1n FIGS. 3A and 3B. The rotation
angle detector 201 shown 1n FIG. 11B includes both of the
slant type hall elements 23 in FIGS. 13A and 13B and the
horizontal type hall elements 21. The rotation angle detector
202 includes the slant type hall elements 23 and the vertical
hall elements 22. The rotation angle detector 203 1includes the
horizontal type hall elements 21, the vertical hall elements 22
and the slant type hall elements 23.

FIGS. 11A to 11C and FIG. 12 show the rotation angle
detectors 200 to 203 that sequentially switch the plurality of
the hall elements 21 to 23. Each of the hall elements 21 to 23
outputs the output voltage (hall voltage) proportional to the
change of the magnetic field component of the magnetic field
(magnetic tlux density B) rotating 1n the plane perpendicular
to the semiconductor substrate 1. The hall elements 21 to 23
in combination of two element types or more are disposed on
one side of the semiconductor substrate 1. The hall element
outputting a substantially linear portion of the output charac-
teristic 1s selectively chosen to detect the rotation angle of the
magnetic field as described 1n the first embodiment. There-
fore, the rotation angle detectors 200 to 203 shown 1n FIGS.
11A to 11C and FIG. 12 for accurately detecting the rotation
angle of the magnetic field rotating in the plane that 1s per-
pendicular to the surface of the semiconductor substrate 1 has
advantages 1n the package size and production cost.

Although the present invention has been fully described 1n
connection with the preferred embodiments thereof with ret-
erence to the accompanying drawings, 1t 1s to be noted that
various changes and modifications will become apparent to
those skilled 1n the art.

For example, the slant type hall element 23 in FIGS. 11B,
11C and 12 has two hall plate portions disposed on the slope
of the trench. However, the number of the hall plate portions
may be at least one on either slope of the trench.

Further, the hall elements shown 1n FIGS. 11B, 11C and 12
are combination of single hall element 21, 22 and/or 23.
However, a plurality of hall elements 21, 22 and/or 23 may be
used 1n the combination.

Further, the rotation angle detectors 200 to 203 shown in
FIGS. 11A to 11C and FIG. 12 can be used to detect a
bi-directional magnetic field rotation (combination of clock-
wise and counterclockwise magnetic field rotations) 1n any
range of angles besides detecting a continuous rotation 1n a
predetermined direction.

Such changes and modifications are to be understood as
being within the scope of the present invention as defined by
the appended claims.

What 1s claimed 1s:

1. A rotation angle detector for detecting a rotation angle of
a magnetic field comprising:

a plurality of Hall elements on one side of a semiconductor

substrate for outputting an output signal having a differ-
ent phase respectively induced by the magnetic field;

and
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a plurality of through holes arranged 1n an area adjacent to
an outside of the ring shape of the Hall elements on the
semiconductor substrate,

wherein a portion of the output signal from one of the
plurality of Hall elements that has a substantially linear
output characteristic relative to the rotation angle of the
magnetic field 1s selectively used to detect the rotation
angle,

wherein the magnetic field rotates 1n a plane in parallel with
the semiconductor substrate,

wherein the Hall element 1s either of a vertical type and a
slant type,

wherein the Hall elements are disposed equiangularly 1n a
ring shape around a rotation center of the magnetic field,

wherein the number of the Hall elements 1s equal to or
greater than three,

wherein the number of the Hall elements 1s equal to or
smaller than twelve,

wherein the semiconductor substrate 1s made from a silicon
substrate having {100} crystal face orientation,

wherein the Hall elements are aligned to a <01 1> direction
and a <011> direction relative to the rotation center of
the magnetic field,

wherein the through holes are arranged 1n rotationally sym-
metrical positions around the rotation center, and

wherein a signal process circuit for switching signals from
the plurality of Hall elements 1s positioned 1in an area
inside of the ring shape of the Hall elements.

2. A rotation angle detector for detecting a rotation angle of

a magnetic field comprising:

a plurality of Hall elements on one side of a semiconductor
substrate for outputting an output signal having a differ-
ent phase respectively induced by the magnetic field;
and

a plurality of through holes arranged 1n an area adjacent to
an outside of the ring shape of the Hall elements on the
semiconductor substrate,

wherein a portion of the output signal from one of the
plurality of Hall elements that has a substantially linear
output characteristic relative to the rotation angle of the
magnetic field 1s selectively used to detect the rotation
angle,

wherein the magnetic field rotates 1n a plane 1n parallel with
the semiconductor substrate,

wherein the Hall element 1s either of a vertical type and a
slant type,

wherein the Hall elements are disposed equiangularly 1n a
ring shape around a rotation center of the magnetic field,

wherein the number of the Hall elements 1s equal to or
greater than three,

wherein the number of the Hall elements 1s equal to or
smaller than twelve,

wherein the semiconductor substrate 1s made from a silicon
substrate having {100} crystal face orientation,

wherein the Hall elements are aligned to a <01 1> direction
and a <011> direction relative to the rotation center of
the magnetic field,

wherein the through holes are arranged 1n rotationally sym-
metrical positions around the rotation center, and

wherein a signal process circuit for switching signals from
the plurality of Hall elements 1s positioned 1n an area
outside of the ring shape of the Hall elements on the
semiconductor substrate.
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